Objectives: This study aims to investigate the impact of interferon-induced helicase C domain-containing protein 1 (IFIH1) gene single nucleotide polymorphism (SNP) on interferon pathway signaling in systemic lupus erythematosus (SLE) patients specifically with vascular affection.
Systemic lupus erythematosus (SLE) is a common worldwide inflammatory autoimmune disorder. The pathogenesis of SLE remains not fully understood; it is known to depend upon the interaction of genetic, environmental and hormonal factors. 1 However, to date, the most valid evidence indicates that it is mainly due to the deficiency of several immunological mechanisms, including inappropriate function of the innate immune system, altered self-tolerance mechanisms and apoptotic cell clearance. 2 Accelerated subclinical atherosclerosis and vascular complications in patients with SLE seem to be attributed to other risk factors rather than the traditional Framingham risk factors such as apoptosis and endothelial dysfunction. 3 Endothelial dysfunction may result from disrupted endothelial progenitor cell activity, which is mediated by type 1 interferon (IFN) that has proinflammatory and antiangiogenic effects in SLE. 4 Interferon-induced helicase C domaincontaining protein 1 (IFIH1), which is known as melanoma differentiation-associated gene 5 or Helicard, is located at 2q24.3 and encodes type 1 IFN and IFN-induced gene. This gene was implicated in other autoimmune diseases such as autoimmune thyroiditis and psoriasis, while being considered as a gene proposed to improve the prediction of type 1 diabetes mellitus (DM). 5 In a study, Wang et al. 6 reported the contribution of IFIH1 in systemic lupus susceptibility. Many studies also suggested that IFIH1 gene has a role in inflammation and apoptosis in SLE, 7 so IFIH1 might be related to endothelial dysfunction, increased plasma levels of von Willebrand factor (vWF) and in return, atherosclerosis in SLE. 8 Intima-media thickness (IMT) is a surrogate marker for atherosclerosis and was shown to be elevated in lupus patients compared to age-and sex-matched controls. 9 Thus, it may serve as a solid gold standard for detecting atherosclerosis in SLE patients. Therefore, in this study, we aimed to investigate the impact of IFIH1 gene single nucleotide polymorphism (SNP) on interferon pathway signaling in SLE patients specifically with vascular affection.
PATIENTS AND METHODS
This cross-sectional study was conducted at Kasr Al-Ainy Hospital between August 2015 and September 2016 and included 30 SLE patients (2 males, 28 females; mean age 28±3.4 years; range 16 to 40 years) fulfilling the American College of Rheumatology criteria excluding any patients with other autoimmune diseases, type 1 DM, thyroid diseases or malignancy. Patients were selected from the outpatient Rheumatology and Immunology Clinic and Internal Medicine Department of Kasr Al-Ainy Hospital and compared to 10 healthy age-and sex-matched control subjects (2 males, 8 females; mean age 27±2.5 years; range, 22 to 23 years). The study protocol was approved by the Cairo University Ethics Committee. A written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
All subjects enrolled in the study underwent full history taking and complete physical examination, with special emphasis on symptoms of lupus activity which was recorded for each patient using the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) score.
A total of 20 mL blood was withdrawn from all subjects. Complete blood count was estimated using a cell counter by CELL-DYN machine (Abbott, Illinois, USA), erythrocyte sedimentation rate was estimated by Westergren's method, C-reactive protein by neplometery BN II nephelometer (Siemens, Germany), anti-nuclear autoantibodies by indirect immunofluorescence, anti-double stranded deoxyribonucleic acid (DNA) by immunofluorescence, and C3-C4 by radial immunodiffusion.
Anticardiolipin was evaluated by enzymelinked immunosorbent assay (ELISA) and lupus anticoagulant testing. Serum creatinine was estimated by kinetic method over automation system by Dimension machine (Siemens Healthcare GmbH, Germany), urine analysis, and 24-hour urinary protein. Serum cholesterol, triglyceride, low density lipoprotein (LDL) and high density lipoprotein portions of cholesterol were also estimated.
Interferon-induced helicase C domaincontaining protein 1 gene quantitative assessment was performed by real-time polymerase chain reaction (RT-PCR) as follows: peripheral blood was obtained from SLE patients and healthy controls. Peripheral blood mononuclear cells were isolated by a Ficoll-Paque density gradient (Pharmacia Biotech, Uppsala, Sweden) to remove erythrocytes, platelets, and cell debris. Total ribonucleic acid (RNA) was extracted using QIAGEN RNeasy mini kit (Qiagen GmbH, von Willebrand factor assessment was performed by ELISA technique using Technoclone GmbH (Vienna, Austria). Carotid IMT and Ankle Brachial Index (ABI) measurements were conducted by using an ultrasound machine (Siemens Acuson Antares; Siemens Healthcare GmbH, Erlangen. Germany). The transducer used to assess the carotid Doppler was 7.5 MHZ.
We assessed the carotid IMT on the selected subjects in supine position with the head slightly extended and turned to the opposite direction of the common carotid artery (CCA) being studied. Both sides were imaged. On a longitudinal, twodimensional ultrasound image of CCA, each anterior (near) and posterior (far) wall of the CCA was displayed as two bright white lines separated by a hypoechoic space. The distance between the leading edge of the first bright line (the bloodintima interface) of the far wall and the leading edge of the second bright line (media-adventitia interface) indicates the IMT.
Ankle Brachial Index was measured while the subjects were at rest in supine position for 10 minutes. ABI is equal to the systolic pressure at the ankle, divided by the systolic pressure at the arm (systolic pressures were recorded with a handheld 5-or 10 mHz Doppler instrument). Ankle brachial pressure index for each leg was calculated using the equation: P Leg is the systolic blood pressure of dorsalis pedis or posterior tibial arteries and P Arm is the highest of the left and right arm brachial systolic blood pressure.
Statistical analysis
Quantitative variables were expressed as mean, standard deviation and range. Qualitative variables were described as number and percentage. Chi-square test was used to compare qualitative variables between groups. Unpaired t-test was used to compare two groups as regards to quantitative variables. Correlation coefficient test was used to identify the negative or positive corrletion between different variables. Receiver operator characteristic curve was used to find out the best cutoff value, and validity of a certain variable. P value was considered significant if <0.05, highly significant if <0.01, and very highly significant if <0.001.
RESULTS
Disease duration of the patients was mean 43±40 months (range 3 month to 9 years). Systemic lupus disease activity index score ranged between 2-16 with a mean of 7±3.8 (range, 2 to 16). Distribution of various clinical presentations of the patients was shown in Table 2 .
The most common presentations of SLE patients were musculoskeletal and mucocutaneous manifestations. The vascular affection was as follows: venous affection including one patient with dural sinus thrombosis, one patient with femoropopliteal deep vein thrombosis (DVT), and four patients with infrapopliteal DVT and tibial arteries affection as peripheral arterial disease in four patients.
A total of 18 SLE patients (60%) had positive anti-double stranded DNA antibody, eight patients (26.6%) had positive anticardiolipin antibodies while 10 (33.3%) had positive lupus anticoagulant antibodies. Lipid profile was higher in SLE patients compared to controls. A statistically significant difference was present between patients and controls as regards to IFHI1 gene expression, vWF, IMT, and ABI, which were higher in SLE patients compared to controls (p=0.0001) ( Table 3) .
A statistically significant positive correlation was present between IFIH1 gene expression and SLEDAI as well as vWF (r-value 0.54 and 0.57; p=0.002 and p=0.001, respectively). However, ABI was inversely correlated with IFIH1 and vWF (r-value -0.34 and -0.55; p=0.05 and p=0.02, respectively). There was no statistically significant correlation between the other variables (Table 4, Figure 1 ). In Table 5 , the level of IFIH1 gene expression was compared between patients with arteriovenous (vascular) complications (33.7%) and those without vascular manifestations (66.3%). Results were higher in the former (1.3±0.3 vs. 2.4±0.4, respectively) with a statistically significant difference (p=0.000) and increased in patients with vascular manifestations with a mean of 2.3±0.4 in venous and a mean of 2.5±0.4 in arterial affection.
No statistically significant correlation was found between IFIH1 gene expression and the rest of the presenting manifestations of SLE including those with Raynaud's phenomenon (p=0.65).
The concentration of VwF was statistically significantly higher in patients with vascular manifestations (5.4±1.7) compared to those without (7.1±1) (p=0.000). However, no significant difference was detected between patients with or without vascular manifestations regarding the lipid profile and carotid IMT.
There was no relationship between levels of IFIH1 gene with anti-double stranded DNA antibodyantibody, anticardiolipin antibodies or lupus anticoagulant antibodies (p=0.92, p=0.06, and p=0.47, respectively).
Diagnostic performance of IFIH1 gene expression and vWF showed that they were valid inflammatory markers for SLE patients with vascular manifestations with the best cutoff values of 1.74 and 6.39, respectively ( Figure 2 , Table 6 ). 
DISCUSSION
Systemic lupus erythematosus is an autoimmune disease, which affects almost all organs and tissues including skin, kidneys, lungs, musculoskeletal system, cardiovascular system, nervous system and serous membranes.
10
Studies have reported the contribution of IFIH1 gene SNP in SLE susceptibility.
6,11
The aim of our study was to evaluate IFIH1 gene expression by RT-PCR as a lupus associated gene and its role in the clinical manifestations of lupus, particularly vascular manifestations, comparing its level with other markers like ABI, and carotid IMT and vWF plasma level, which are surrogate markers of atherosclerosis and endothelial dysfunction.
Our results showed a statistically significant difference in IFIH1 gene expression between SLE patients and controls (p=0.0001) with a mean of 1.7±0.6 in SLE patients and a mean of 0.5±0.2 in the control group. This comes in agreement with studies that included the Afro-Americans, Europeans 4 and the Chinese population, 12 demonstrating an association of the IFIH1 rs1990760 polymorphism with SLE susceptibility.
Disease activity was assessed using the SLEDAI, which ranged in our patients between 2 to 16 with a mean of 7±3.8. Our results revealed a statistically significant positive correlation between IFIH1 and SLEDAI (p=0.002). This conforms with the study of Petri et al. 13 who found a positive correlation between other genes involved in the type 1 IFN pathway and SLEDAI score, denoting that IFIH1 gene is related to the disease activity through the transcription of type 1 IFN triggering other proinflammatory mediators in SLE.
When we compared the level of IFIH1 gene expression in patients with arteriovenous complications (33.7%) to those without vascular manifestations (66.3%), the results were higher in the former (1.3±0.3 vs. 2.4±0.4, respectively) with a significant difference (p=0.0001), standing for the association of IFIH1 over expression with vascular affection in SLE. This suggests the role of IFIH1 gene in apoptosis and inflammation 4 resulting in endothelial dysfunction that has been symbolized as an early marker of subclinical atherosclerosis in SLE. 14 However, we detected no significant correlation between IFIH1 gene expression and other presenting phenotypes including those with Raynaud's phenomenon similar to the results obtained by Cen et al., 12 who showed no significant difference in IFIH1 gene expression among patients with or without individualized clinical features including musculoskeletal, mucocutaneous, neurologic, serositis and renal features; yet vascular manifestations were not investigated in that study.
We excluded patients with Raynaud's phenomenon from patients with vascular manifestations as affection of the digital capillaries is considered as a separate entity with different pathogenesis from those with larger vessels disease (proximal to the capillaries) in lupus. 15 von Willebrand factor is a circulating glycoprotein that is synthesized in endothelial cells and released into the plasma in increased amounts by activated or damaged endothelial cells. Increased levels of vWf have been used for evaluation of endothelial dysfunction in SLE. 8 Our study demonstrated a statistically significant difference in vWF levels between SLE patients and healthy controls p=0.0001 similar to the studies of Habe et al. 16 and Nienhuis et al.,
17 A meta-analysis study clearly showed that IMT was increased in SLE disease population compared with age-and sex-matched controls. 18 This conforms to our study, which illustrated a statistically significant difference between SLE patients and controls in regards to IMT (p=0.0001). This is also in concordance with findings of Khairy et al., 19 who demonstrated a statistically significant difference between SLE patients and controls in terms of IMT (p=0.001).
Furthermore, we assessed the variable markers in patients with vascular (arteriovenous) manifestations compared to those without vascular affection. We demonstrated that the concentration of vWF was statistically significantly higher in subjects positive for vascular affection (5.4±1.7) relative to those who were negative (7.1±1) (p=0.0001). A previous study had also compared patients with or without history of vascular affection and revealed a statistically significant difference (p=0.001). 20 Moreover, ABI in subjects with vascular affection was lower (0.8±0.1) compared to those without vascular affection (1.0±0.1), with a statistically significant difference (p=0.008).
We detected no significant difference between patients with or without vascular affection regarding the lipid profile and CIMT (p>0.05). Furthermore, our study showed no significant difference between patients with arterial or venous affection regarding IFIH1 or vWF levels, indicating that venous affection was not benign compared to arterial disease as was previously thought. 21 The strong positive relationship of IFIH1 and vWF with both types of vascular affection (arterial and venous) shows that both markers can indicate severe inflammation and ongoing destruction. IFIH1 gene may indicate endothelial dysfunction, increased plasma vWF levels and atherosclerosis in SLE. 6, 7 Our study results supported this hypothesis by showing a statistically significant positive correlation between IFIH1 and vWF as a marker of endothelial dysfunction (p=0.001).
The finding of a significant negative correlation between IFIH1 gene and vWF with ABI (p=0.05 and p=0.002, respectively) is of great value, which confirmed the involvement of both IFIH1 gene and vWF in endothelial dysfunction in our SLE patients.
Concerning the relationship of endothelial dysfunction and IMT, it is known that atherosclerosis in patients with lupus has a long period of subclinical evolution. The first reversible step in the atherogenesis process is represented by endothelial dysfunction. Therefore, endothelial dysfunction occurs prior to the increase in IMT, which is a late step of atherosclerosis. 17 This pertains to our results, which showed no correlation between IFIH1 gene expression and vWF (as markers of endothelial dysfunction) versus IMT (p=0.25 and p=0.33, respectively), implying that some of our patients may have had endothelial dysfunction but did not develop overt atherosclerosis yet.
This may also be explained by the fact that increased IMT is a sign of diffuse atherosclerosis rather than localized atherosclerosis while vWF as a marker of inflammation and endothelial dysfunction may increase in case of any vascular activation and dysfunction whether localized or diffuse. 22 However, our results did not show a statistically significant correlation between IFIH1 gene expression and vWF compared to traditional risk factors of atherosclerosis as age (p=0.56, p=0.5, respectively), disease duration (p=0.6, p=0.34, respectively) or lipid profile including total cholesterol (p=0.78, p=0.75, respectively), LDL (p=0.50, p=0.20, respectively) and triglycerides (p=0.35, p=0.45, respectively). This can be rationalized by the fact that patients with SLE have accelerated atherosclerosis even in young age. 23 This could not be attributed to traditional Framingham risk factors such as altered lipid levels, aging and smoking alone, thus suggesting that autoimmunity contributes to accelerated atherosclerosis.
Moreover, Robinson et al. 7 found that the IFIH1 rs1990760 risk allele T was associated with anti-DNA antibodies. This contradicted to our results, which showed an insignificant relationship between IFIH1 gene expression and immunological characteristics as regards to the presence of anti-DNA antibodies (p=0.92), lupus anticoagulant (p=0.47) and anticardiolipin antibodies (p=0.06).
To our knowledge, this is the first study to evaluate IFIH1 gene in the Egyptian SLE patients and to correlate it to vWF and ABI to show its role in the vascular manifestations of the disease.
Our study has some limitations. Due to the small size of the study, we recommend further studies with larger scale to confirm the role of IFIH1 gene polymorphism in lupus susceptibility and its relationship to vascular manifestations and endothelial complications and also longitudinal prospective studies to evaluate IFIH1 gene expression as a reliable and reproducible predictor of premature atherosclerosis in high risk lupus patients. Also, we suggest further studies to be conducted to show any relationship between IFIH1 gene polymorphism and different SLE phenotypes.
In conclusion, IFIH1 gene expression was associated with Egyptian SLE patients and related to disease activity. IFIH1 gene expression was considered as a surrogate marker with superior sensitivity and validity than vWF with an emphasis on ongoing atherogenesis in Egyptian SLE patients with vascular affection. It may also serve as an early valid marker for endothelial dysfunction.
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